A Gram-stain-negative, motile by gliding, yellow-pigmented bacterial strain, designated KNUS1
The genus Flavobacterium, the type genus of the family Flavobacteriaceae, was proposed by Bergey et al. (1923) and the description was subsequently emended by Bernardet et al. (1996 Bernardet et al. ( , 2002 . The genus Flavobacterium includes Gram-stain-negative, aerobic, yellow-pigmented bacteria, predominantly motile by gliding, with DNA G+C contents of 30-41 mol% and menaquinone 6 (MK-6) as the major respiratory'quinone (Bernardet & Bowman, 2011) . The genus Flavobacterium comprises, as of this writing, more than 149 species (http://www.bacterio.cict.fr/). Flavobacterium strains have been isolated from a wide range of habitats, such as sediment (Ao et al., 2014; Fu et al., 2011; Lee et al., 2010; Ryu et al., 2008) , freshwater Feng et al., 2015; Joung et al., 2013; Kim et al., 2014; Li et al., 2014; Subhash et al., 2013) , seawater (Song et al., 2013; Yoon et al., 2011) and soil (Dong et al., 2013; Hu et al., 2013; Khianngam et al., 2014; Yang et al., 2015) , and display a variety of physiological characteristics (Bernardet et al., 2002) .
Strain KNUS1
T was isolated from water near a floating vegetated island in Lake Paro in Korea (388 059 540 N 1278 469 310 E). Such vegetated islands are typically installed on the surface of a pond or lake to improve water quality. They consist of a floating plastic mat with vegetation planted within it, allowing the roots to hang into the water (Seo et al., 2013) . Strain KNUS1
T was isolated by using the standard dilution plating technique on R2A agar (Difco) and incubation for 48 h at 20 8C. The isolate was routinely cultured on R2A agar at 25 8C for growth and the cultures were suspended in aqueous glycerol (20 %, v/v) at 280 8C for storage.
The almost-complete sequence of the 16S rRNA gene (1373 bp) was obtained for strain KNUS1
T following standard procedures. Identification of phylogenetic neighbours and calculation of pairwise 16S rRNA gene sequence similarity were performed by using the EzTaxon database [http://ezbiocloud.net/; Kim et al. (2012) ]. The phylogenetic relationships between strain KNUS1
T and the type strains of representative Flavobacterium species were defined by MEGA 6 (Tamura et al., 2013) . Phylogenetic trees were inferred using the maximum-likelihood (Felsenstein, 1981) , maximum-parsimony (Fitch, 1971 ) and neighbour-joining (Saitou & Nei, 1987) algorithms. The robustness of the topologies of the maximum-likelihood and neighbourjoining trees was evaluated by means of bootstrap analysis (Felsenstein, 1985) T (96.1 %). All of the phylogenetic trees generated in this study (Fig. 1) indicated that the isolate belonged to the genus Flavobacterium. This phylogenetic inference, together with the level of 16S rRNA gene sequence similarity (Wayne et al., 1987) Cell morphology was examined by light microscopy (E200; Nikon). Motility was investigated using motility test medium (Difco). Gliding motility was assessed by direct microscopic examination according to Bernardet et al. (2002) . Gram staining was determined using the bioMérieux Gram Stain kit according to the manufacturer's instructions. The presence of flexirubin-type pigments was investigated by using the bathochromatic shift test with a 20 % (w/v) KOH solution (Bernardet et al., 2002) . Catalase and oxidase tests were performed according to standard methods (MacFaddin, 1980 ). Anaerobic growth was tested on R2A agar at 25 8C by using a GasPak EZ Anaerobic container System (BD) according to the manufacturer's instructions. The pH range for growth was determined in R2A broth that was adjusted to various pH values (initial pH 5.0-10.0) at 25 8C. The medium was adjusted to pH 5.0-10.0 (at intervals of 1.0 pH units) using 0.1 M sodium acetate buffer (pH 5.0 and 6.0), 0.1 M phosphate buffer (pH 7.0 and 8.0) and 0.1 M sodium carbonate buffer (pH 9.0 and 10.0). Growth in the presence of 0.5 % (w/v) NaCl and 1.0-5.0 % (at intervals of 1.0 %) NaCl was also tested in R2A broth. The temperature range and optimum for growth were measured in R2A broth at 4, 10-30 (at 5 8C intervals), 37 and 42 8C. Production of hydrogen sulfide was tested using TSI agar (Difco). Growth was assessed on marine (MA; Difco), blood (Difco), nutrient (NA; Difco), trypticase soy (TSA; Difco) and MacConkey (Difco) agars. DNase test agar (Difco) was used to assess production of DNase. Other biochemical, enzyme activity and carbon source utilization tests were performed using API 20NE and API ZYM strips (bioMérieux) and GN2 MicroPlates (Biolog) according to the manufacturers' instructions except that the temperature was 25 8C. The DNA G+C content was determined by the thermal denaturation fluorimetic method (Gonzalez & Saiz-Jimenez, 2002 ) using SYBR Green 1 (SG 1; Invitrogen) and a real-time PCR thermocycler (BioRad) . For fatty acid methyl ester analysis, biomass of strain KNUS1
T and the three reference strains was harvested from R2A agar plates incubated at 25 8C until they reached the mid-exponential growth phase. Fatty acids were saponified, methylated and extracted using the standard protocol of MIDI (Sherlock Microbial Identification System, version 6.1). The fatty acids were analysed by GC (Hewlett Packard 7890) and identified by using the RTSBA6 database of the Microbial Identification System (Sasser, 1990) . Polar lipids of strain KNUS1
T were analysed using two-dimensional TLC (Minnikin et al., 1984) . Polyamines were extracted from strain KNUS1
T and the three reference strains and analysed as described by Scherer & Kneifel (1983) and Busse & Schumann (1999) . The extracted samples were spotted on TLC plates (Silica gel 60 20620 cm, Merck, No. 105553) and ethylacetate/cyclohexane (2 : 3) was used as a running solvent.
The morphological, physiological and biochemical characteristics of strain KNUS1
T are listed in Table 1 and in the species description. Strain KNUS1
T exhibited a number of phenotypic similarities with respect to species of the genus Flavobacterium, including cell morphology, MK-6 and the presence of flexirubin-type pigments; the three reference strains were similar but with minor differences (Table 1) . The DNA G+C content of strain KNUS1 T was 34.2 mol%, in line with the values reported for other Flavobacterium species (Bernardet et al., 2002) . The major fatty acids of strain KNUS1
T were iso-C 15 : 0 (22.9 %), iso-C 15 : 1 G (21.1 %), iso-C 17 : 0 3-OH (9.7 %) and iso-C 15 : 0 3-OH (9.1 %). The overall fatty acid profiles of strain KNUS1
T and the three reference Flavobacterium strains were similar with only minor differences in the respective proportions of some components. The complete fatty acid profiles of strain KNUS1 T and the three reference strains are given in Table 2 . The polar lipids of strain KNUS1
T were phosphatidylethanolamine (PE), five unidentified aminolipids and three unidentified polar lipids (Fig. 2) . The major polyamine of strain KNUS1 T and the reference strains was sym-homospermidine. The polar lipids and polyamine compositions of strain KNUS1 T were the same as or similar to those of Flavobacterium species.
Therefore, strain KNUS1
T should be classified in the genus Flavobacterium as a member of a novel species, for which the name Flavobacterium paronense sp. nov. is proposed.
Description of Flavobacterium paronense sp. nov.
Flavobacterium paronense (pa.ro.nen9se. N.L. neut. adj. paronense pertaining to Lake Paro, Korea, from where the type strain was isolated). 
Flavobacterium yonginense HMD1001 T (GQ144413)

Flavobacterium noncentrifugens R-HLS-17 T (JQ002654)
Flavobacterium urumqiense Sr25 T (HQ436467)
Flavobacterium xinjiangense JCM 11314 T (AF433173)
Flavobacterium sinopsychrotolerans 0533 T (FJ654474)
Flavobacterium psychrolimnae LMG 22018 T (AJ585428)
Flavobacterium limicola ST-82 T (AB075230)
Flavobacterium tiangeerense 0563 T (EU036219)
Flavobacterium omnivorum JCM 11313 T (AF433174)
Flavobacterium xueshanense Sr22 T (HQ436466)
Flavobacterium fryxellicola LMG 22022 T (AJ811961)
Flavobacterium frigidarium A2i T (AF162266)
Flavobacterium faecale WV33 T (KF214259)
Flavobacterium algicola TC2 T (AB455265)
Flavobacterium glaciei 0499 T (DQ515962)
Flavobacterium succinicans LMG 10402 T (JATV01000001)
Flavobacterium hydatis DSM 2063 T (AM230487)
Flavobacterium granuli Kw05 T (AB180738)
Flavobacterium hibernum ATCC 51468 T (L39067)
Flavobacterium branchiophilum FL-15 T (UP000009186)
Flavobacterium swingsii WB2.3-68 T (AM934651)
Flavobacterium psychrophilum IFO 15942 T (AB078060)
Flavobacterium psychrophilum JIP02/86 T (AM398681)
Flavobacterium paronense KNUS1 T (KF499995)
Flavobacterium aciduliphilum JJ013 T (JN712178)
Flavobacterium dankookense ARSA-19 T (GU295970)
Flavobacterium cheonhonense ARSA-15 T (GU295972)
Flavobacterium cheonanense ARSA-108 T (GU295968)
Flavobacterium chungnamense ARSA-103 T (GU295971)
Flavobacterium koreense ARSA-42 T (GU295967)
Flavobacterium macrobrachii an-8 T (FJ593904)
Flavobacterium urocaniciphilum YIT 12746 T (AB795015)
Flavobacterium suncheonense GH29-5 T (DQ222428) Flavobacterium paronense sp. nov. . +, Positive; 2, negative. All data are from this study except the DNA G+C content of the three reference strains and where indicated otherwise. All strains are positive for the following characteristics: oxidase and catalase; aesculin hydrolysis; alkaline phosphatase, leucine arylamidase, valine arylamidase, acid phosphatase and naphthol-AS-BI-phosphohydrolase. All strains are negative for indole production, glucose fermentation and arginine dihydrolase; lipase (C14), a-galactosidase, a-chymotrypsin, a-mannosidase and a- Isolation source Lake water
Freshwater Soil Freshwater
Growth at 10 8C + 2 2 2 Growth at 37 Lee et al. (2012a, b) and Bernardet et al. (1996) .
Y. Joung and others
Cells are Gram-stain-negative, strictly aerobic rods and motile by gliding. Colonies on R2A agar are convex, circular and smooth with entire margins, dark yellow and approximately 5 mm in diameter after 2 days at 25 uC. Flexirubin-type pigments are produced. Good growth occurs on R2A agar. No growth occurs on MacConkey agar, blood agar, TSA, NA or MA. Growth occurs in the presence of 0-1.0 % (w/v) NaCl (optimum, 1 % NaCl), at pH 7-8 (optimum, pH 8) and at 10-30 uC (optimum, 25 uC). Oxidase and catalase activities are present. Hydrogen sulfide on TSI agar and brown pigments on tyrosine agar are not produced. Casein, dextrin, starch, CMcellulose, cellulose (filter paper) and chitin are not hydrolysed. DNase activity on DNase test agar is not present. In the API 20NE strip, aesculin hydrolysis test is positive, but others are negative. Other substrates in the strip are not assimilated: D-glucose, L-arabinose, D-mannose, N-acetylglucosamine, maltose, adipic acid, malic acid, trisodium citrate, phenylacetic acid, D-mannitol, potassium gluconate and capric acid. In the API ZYM gallery, alkaline phosphatase, esterase lipase (C8), leucine arylamidase, valine arylamidase, cystine arylamidase, trypsin, acid phosphatase and naphthol-AS-BI-phosphohydrolase activities are present, but esterase (C4), lipase (C14), a-chymotrypsin, b-glucuronidase, N-acetyl-b-glucosaminidase, a-glucosidase, b-glucosidase, a-mannosidase, a-galactosidase, b-galactosidase and a-fucosidase activities are absent. Melibiose is the only carbon source in the GN2 MicroPlate that is utilized. The major fatty acids (w20 %) are iso-C 15 : 0 and iso-C 15 : 1 G. The polar lipids consist of phosphatidylethanolamine, five unidentified aminolipids and three unidentified polar lipids. The major polyamine is symhomospermidine. The major respiratory'quinone is MK-6.
The type strain, KNUS1 T (5KCTC 23618 T 5CECT 7955 T ), was isolated from freshwater within an artificial vegetated island. The DNA G+C content of the type strain is 34.2 mol%.
Flavobacterium arsenatis sp. nov., a novel arsenic-resistant bacterium from high-arsenic sediment. Int J Syst Evol Microbiol 64, 3369-3374. Flavobacterium paronense sp. nov.
